PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 07-228985 
(43)Date of publication of application : 29.08.1995 



(SDlntCI. 




C23F 4/00 








0308 33/08 




(21)Application number 


06-020769 


(71)Applicant : 


HITACHI GABLE LTD 


(22)Date of filing: 

f„ - . 


18.0Z1994 


(72)Inventor : 


IMOTO KATSUYUKI 



(54) LOW TEMPERATURE DRY ETCHING METHOD AND DEVICE THEREFOR 

(57)Abstract 

PURPOSE: To satisfy all of the characteristics of the side face of an oxide film 
on a substrate by controlling the dry etching conditions. 

CONSTITUTION: A waveguide sample 10 as an oxide film-coated substrate is 
sent from a spare chamber 2 to a reaction chamber 1-1. and the WSI film and 
photoresist are etched off to form a core pattern. The sample 10 is introduced 
into a reaction chamber 1-2 through the spare chamber 2, and the core layer is 
dry-etched at a low temp, based on the core pattern. As the optimum condition 
at this time, the substrate is controlled to <-20'' C. the gaseous Ar flow rate is 
superimposed on the gaseous CHF3 flow rate by >2 times in the gaseous 
etchant, and the total flow rate is controlled to >60cc/min. The reaction 
chamber 1-2 Is kept at : 2.66 Pa. and the power of a high-frequency power 
source 6-2 applied between the electrodes is controlled to >450W. After 
etching, the sample is returned to the reaction chamber 1-1 to remove the WSi 
film on the core pattern, and finally the sample 10 is discharged into the 
atmosphere from one spare chamber 2. 
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PURPOSE: To satisfy all of the characteristics of the 
side face of an oxide film on a substrate by controlling 
the dry etching conditions. 

CONSTITUTION: A waveguide sample 1 0 as an oxide » 
film-coated substrate is sent from a spare chamber 2 to ^Tf^t ^ v^Pj^ T ^jf^ 
a reaction chamber 1-1 , and the WSi film and photoresist , i^^^p^J^j^^r ^T, 

are etched off to form a core pattern. The sample 10 is r 
introduced into a reaction chamber 1-2 through the spare 
chamber 2, and the core layer is dry-etched at a low 
temp, based on the core pattern. As the optimum 
condition at this time, the substrate is controlled to <-20° 
C, the gaseous Ar flow rate is superimposed on the 
gaseous CHF3 flow rate by ^2 times in the gaseous 
etchant, and the total flow rate is controlled to > 

60cc/min. The reaction chamber 1-2 is kept at : 2.66 Pa, and the power of a high-frequency 
power source 6-2 applied between the electrodes is controlled to >450W. After etching, the 
sample is returned to the reaction chamber 1-1 to remove the WSi film on the core pattern, 
and finally the sample 10 is discharged into the atmosphere from one spare chamber 2. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Clami(s)] 

[Claim 1] The etched material inserted in a spare room is conveyed to a reaction chamber through an 
airtight bulb. In case the above-mentioned substrate is maintained at low temperature 0 degree C or less 
in this reaction chamber and low-temperature dry etching of the front face of the above-mentioned 
etched material is carried out using fluorine system gas The low-temperature dry etching approach 
characterized by making the flow rate of inert gas superimpose on the flow rate of the above-mentioned 
fluorine system gas more than twice, keeping the degree of vacuum in a sink and the above-mentioned 
reaction chamber at 2.66Pa or less in the above-mentioned reaction chamber, and making it etch. 
[Claim 2] The low-temperature dry etching approach characterized by for the above-mentioned etched 
material being a substrate with an oxide fibn, and the etched material front face by which low- 
temperature dry etching is carried out being the oxide fihn of the above-mentioned substrate with an 
oxide fihn in the low-temperature dry etching approach according to claim 1. 
[Claim 3] The low-temperature dry etching approach characterized by keeping the temperature of the 
above-mentioned substrate at -20 degrees C or less, and passing 60 or more cc/min of total flow of a 
fluorine system quantity of gas flow and an inert gas flow rate in the low-temperature dry etching 
approach according to claim 2. 

[Claim 4] It sets to the low-temperature dry etching approach according to claim 2 or 3, and the above- 
mentioned oxide fihn is Si02 or Si02. The low-temperature dry etching approach characterized by 
adding at least one sort of DOPANDO, such as P, Ti, germanium, B, Ta, Er, Pr, Nd, Zn, Sn, and N. 
[Claim 5] It sets to the low-temperature dry etching approach according to claim 4, and is CHF3 as the 
above-mentioned fluorine system gas. The low-temperature dry etching approach characterized by 
using. 

[Claim 6] It sets to the low-temperature dry etching approach according to claim 5, and is CHF3. A 
quantity of gas flow is made into 30 or more cc/min, and it is an inert gas flow rate and CHF3. The low- 
temperature dry etching approach characterized by making temperature of more than 450W and a 
substrate into -20 degrees C or less for RF PAWA which a 60 or more cc/min smk is generated for the 
total amount of a quantity of gas flow, and generates 2.66Pa or less and the plasma for a degree of 
vacuum. 
[Claim?] 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention maintains etched material at low temperature, and relates to the 
low-temperature dry etching approach which carries out dry etching of the etched material front face, 
and its equipment. 
[0002] 

[Description of the Prior Art] The so-called low-temperature dry etching technique which oppresses the 
radical reaction in a side face has come to attract attention, considering as the approach of 
perpendicularity improving an oxide film and a metal membrane dry etching, holding and controlling 
the substrate temperature for [ etched ] at the low temperature of 0 degree C or less, and maintaining the 
etch rate of the depth direction according to the ion assistant effectiveness recently. 
[0003] Drawing 9 shows the outline block diagram of the low-temperature dry etching system by 
reactive ion etching which this invention person used for examination. This consists of a reaction 
chamber 1 which etches, and a spare room 2 which performs insertion/drawing of the sample 10 as a 
substrate for [ etched ]. 

[0004] First, the sample 10 constituted from a quartz system glass substrate is conveyed through sample 
insertion / sample drawing system 12 in a spare room 2. Then, evacuation of the spare room 2 is carried 
out by the exhaust air system 4. On the other hand, the inside of a reaction chamber 1 is maintained at 
the high vacuum (1.33x10-1 to 1.33x10 to 2 Pa) by the exhaust air system 3 so that the sample 10 from a 
spare room 2 may be accepted. Moreover, the lower electrode 5-2 for laying a sample 10 has maintained 
the sample 10 at low temperature 0 degree C or less by pouring a refrigerant in an electrode like an 
arrow head 9-1 to the arrow head 9-2. 

[0005] Next, if a spare room 2 reaches a desired degree of vacuum (1.33Pa or less), the gate valve 1 1 as 
an airtight bulb will be opened, a sample 10 will be transported on the lower electrode 5-2 of a reaction 
chamber 1 from a spare room 2, and it will lay on the lower electrode 5-2. Subsequently, helium is 
sprayed on the rear face of a sample 10 in the direction of an arrow head of the helium gas supply 
system 8, and low temperature-ization of a sample 10 is promoted. 

[0006] Then, it is the approach of impressing RF generator 6 between the up electrode 5-1 and the lower 
electrode 5-2, making generate the plasma, and etching etching gas (it being CHF3 in order to etch 
quartz system glass membrane in this case, gas being used) with a sink into that plasma ambient 
atmosphere. In this approach, etching of quartz system glass membrane is performed by using for a 
mask the WSi film by which patterning was carried out on that fihn. 
[0007] 

[Problem(s) to be Solved by the Invention] In this approach However, the temperature (0 degree C - -40 
degrees C) of a sample 10, the degree of vacuum in a reaction chamber (13.3-1 .33Pa), CHF3 An etching 
gas flow rate (10 - 50 cc/min), perpendicularity of the film side face which changed and etched various 
PAWA (300-500W) of RF generator 6, As a result of evaluating the dry area, the subtrench, the etching 
rate, and etch selectivity (=(etching rate of oxide fihn)/(etching rate of the WSi fihn)) of a film side face. 
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the conditions with which are satisfied of all the above-mentioned evaluation criteria were not able to be 
found out. Namely, (1) It is CHF3, in order to improve perpendicularity of a film side face and to make 
the dry area of a side face small. Although the quantity of gas flow had to be lessened and it had to 
maintain at the high vacuum, on the other hand, it turned out that an etching rate falls and a subtrench is 
generated greatly. Conversely, it is CHF3, in order to enlarge an etching rate and to make a subtrench 
small. When the flow rate was made [ many ], it turned out that perpendicularity deteriorates and the dry 
area of a side face also becomes large. 

[0008] (2) Moreover, CHF3 It turned out that etching of the WSi fihn will progress early and the width 
of face will become small if etch selectivity with a WSi fihn and quartz system glass oxide fihn is not 
enlarged, although it is not avoided that the WSi fihn is also etched by gas and the pattem width of face 
becomes gradually narrow, and it becomes remarkably small in connection with it rather than the value 
of a request of the pattem width of face of a quartz system glass oxide film. 

[0009] (3) Moreover, it turned out that perpendicularity deteriorates and the dry area of a side face also 
becomes large about a degree of vacuum although an etching rate becomes large if the worst happens. 
[0010] (4) Moreover, CHF3 When gas is harmfiil and the amount increased, adhesion of the resultant to 
the inside of about [ inflicting an injury on the body ] and a reaction chamber or an exhaust air system 
was promoted, the repeatability of low-temperature dry etching was reduced, and it also turned out that 
degradation of an equipment life is moreover promoted. 

[001 1] Then, the object of this invention cancels the fault of the above mentioned conventional 
technique, and is to offer the low-temperature dry etching approach which can realize the property . 
altogether satisfied about botii the perpendicularity of an etched material fi-ont face thru/or the oxide fihn 
side face on a substrate, the dry area of a film side face a subtrench and an etching rate and also a 
selection ratio, and its equipment. 
[0012] 

[Means for Solving the Problem] First, the 1st invention conveys the etched material inserted m a spare 
room to a reaction chamber through an airtight bulb. In case a substrate is maintained at low temperature 
0 degree C or less in a reaction chamber and low-temperature dry etching of the etched material fi-ont 
face is carried out using fluorine system gas It is the low-temperature dry etching approach characterized 
by making an inert gas flow rate superimpose on a fluorine system quantity of gas flow more than twice, 
keeping the degree of vacuum in a sink and a reaction chamber at 2.66Pa or less in a reaction chamber, 
and making it etch. 

[0013] The 2nd invention is the low-temperature dry etching approach characterized by for etched 
material being a substrate with an oxide fihn, and the etched material fi"ont face by which low- 
temperature dry etching is carried out being the oxide fihn of a substrate with an oxide fihn in the 1st 
invention. 

[0014] The 3rd invention is the low-temperature dry etching approach characterized by keeping the 
temperature of a substrate at -20 degrees C or less, and passing 60 or more cc/min of total flow of a 
fluorine system quantity of gas flow and an inert gas flow rate in the 2nd invention. 
[0015] It sets to the 2nd and 3rd invention, and tiie 4th invention is Si02 or Si02 as an oxide fihn. 
DOPANDO, such as P, Ti, germanium, B, Ta, Er, Pr, Nd, Zn, Sn, and N, is tiie low-temperature dry 
etching approaches characterized by using what added at least one sort. In addition, although the above- 
mentioned thing is desirable as an oxide fihn, they are SiON and SiOx Ny Hz in addition to this. . 
[0016] It sets to the 4tii invention and the 5th invention is CHF3 as fluorine system gas. It is the low- 
temperature dry etching approach characterized by using. 

[0017] It sets to the 5th invention and the 6th invention is CHF3. A quantity of gas flow is made into 30 
or more cc/mm, and it is an inert gas flow rate and CHF3. It is the low-temperature dry etching approach 
characterized by making temperature of more than 450W and a substrate into -20 degrees C or less for 
RF PAWA which a 60 or more cc/min sink is generated for the total amount of a quantity of gas flow, 
and generates 2.66Pa or less and the plasma for a degree of vacuum, 

[0018] The 7th invention is tiie low-temperature dry etching approach characterized by inert gas being 
At gas in the 1 St to 6th invention. 
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[0019] The 8th invention can supply the spare room which performs insertion/drawing of a substrate 
with an oxide film, and the gas and inert gas of a fluorine system. The gas supply system for etching 
which an inert gas flow rate is made to superimpose on a fluorine system quantity of gas flow more than 
twice, and can supply it to it at least, At least one reaction chamber in which the exhaust air system 
which can carry out evacuation of the interior of a room to 2.66Pa or less was prepared, While is 
prepared the gate valve which connects a spare room and a reaction chamber, and in a reaction chamber. 
A substrate with an oxide film on an electrode The electrode of** or ******, A means to impress RF 
PAWA beyond 300W to inter-electrode [ of this couple ], and a means to hold the substrate in at least 
one reaction chamber at 0 degree C or less, It is the low-temperature dry etching system which can be 
equipped with a means to perform migration of the substrate between insertion and drawing of the 
above-mentioned substrate, and a spare room and at least one reaction chamber through a gate valve to a 
spare room, and can etch the oxide film of a substrate at least. 

[0020] The 9th invention is a low-temperature dry etching system characterized by considering as the 
reaction chamber which etches the metal fibn on the top face of an oxide film, using a photoresist mask 
****** [ except the reaction chamber which etches an oxide fibn for at least one of the reaction 
chambers remaining ] in the 8th invention. 

[0021] The 10th invention is a low-temperature dry etching system characterized by supplying helium 
gas to the rear face of the above-mentioned substrate with an oxide film placed in the state of the 
hermetic seal on one electrode fi-om the outside of a reaction chamber using a thing with the rear face 
flat as a substrate with an oxide film, and holding a substrate rear face in helium gas ambient atmosphere 
in the 8th and 9th invention. 

[0022] The 1 1th invention is a low-temperature dry etching system characterized by enabling it to 
realize the degree of vacuum of 2.66Pa or less which made larger than the area of a substrate with an 
oxide film aperture area of the exhaust air system prepared in the reaction chamber, and mentioned it 
above in the 8th thru/or the 10th invention. 
[0023] 

[Function] The 1st invention thru/or invention of the 2nd is the approach of increasing the total flow rate 
of the gas for etching not to mention fluorine system gas by making an inert gas flow rate superimpose 
on a fluorine system quantity of gas flow more than twice, and passing. In the evaluation criteria of 
etching, the result which conflicts by perpendicularity, the smooth nature of a side face, and a subtrench 
and an etching rate produces a fluorine system quantity of gas flow. 

[0024] That is, although buildup of fluorine system gas degrades perpendicxalarity and the smooth nature 
of a side face, a subtrench and an etching rate improve. Then, coexistence with perpendicularity, the 
smooth nature of a side face, and a subtrench and an etching rate is in drawing in this way by fluorine 
system gas and the increase of a total flow rate, or carrying out. 

[0025] However, if a total flow rate is increased, a degree of vacuum will fall. So, in this invention, a 
degree of vacuum is set to 2.66Pa or less using the possible pump of a high speed and high vacuum 
exhaust air. Consequently, the perpendicularity of the etched substrate fi-ont face thru/or an oxide-fihn 
side face and the dry area of a side face can be kept good. Especially this brings about a very good 
result, when processing the core pattern of waveguide which consists of an oxide fibn formed on the 
substrate in the shape of a cross-section abbreviation rectangle by dry etching. 
[0026] For example, if the perpendicularity of a core side face is confiised when realizing a waveguide 
type light device with wavelength optional features, such as an optical separator, an optical multiplexing 
machine, an optical filter, and an optical directional coupler, the wavelength properties (for example, 
main wavelength, degree of separation between two wavelength, etc.) of the above-mentioned optical 
device will change. Moreover, the dry area of a core side face also causes buildup of optical 
transmission loss not to mention change of the above-mentioned wavelength property. Therefore, 
perpendicularity is good for 90 degrees in a side face, and it becomes very important to lessen the dry 
area of a side face. 

[0027] On the other hand, since the flow rate of fluorine system gas is made [ many ] in this invention, 
while a subtrench stops abnost generating, an etching rate also improves. Although the configuration of 
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this subtrench is mentioned later, generating of this also degrades the wavelength property of an optical 
device, and buildup of loss also causes it. Furthermore, since a light of waveguide incore closes, eye ** 
becomes an ununiformity and a polarization dependency is produced, when realizing an optical device 
with the above-mentioned wavelength optional feature, it had become a serious failure conventionally. 
However, according to this invention, very big effectiveness is acquired from this being improvable. 
[0028] In addition, as mentioned above, perpendicularity and the smooth nature of a side face are 
degraded, but since buildup of fluorine system gas is superimposing and passing inert gas more than 
twice in fluorine system gas in this invention, it can prevent degradation of perpendicularity and the 
smooth nature of a side face. 

[0029] Moreover, although buildup of fluorine system gas had the problem that the etch selectivity to an 
oxide film became small, and the amount of loss of weight of core pattern width of face became large, it 
can raise a selection ratio substantially by making inert gas superimpose on fluorine system gas, 
[0030] According to the 3rd invention, the more substrate temperature becomes low, it becomes easy to 
attach the resultant to the etched front face, and, the more a subtrench is generated. Then, 60 or more 
cc/min of total flow rates of a fluorine system quantity of gas flow and an inert gas flow rate is passed, 
and generating of a subtrench is oppressed. 

[0031] In addition, like this invention, it is very effective in the damage loess of the above-mentioned 
component to keep the substrate temperature imder etching at -20 degrees C or less, and to etch it, when 
etching the substrate in the condition of having formed the electronic-circuitry component or the optical 
circuit element in the inside of waveguide, or a top face beforehand. Because, the thickness of the core 
of waveguide is usually 3 micrometers. It is several 10 micrometers above. Since it is dramatically thick, 
dry etching time amount is also crossed to the long duration of 1 hours or more. Change and OH of 
refractive-index distribution by migration of the dopant for refractive-index control in about [ givmg a 
damage to the above-mentioned component ], a core, or a buffer layer when such long duration and a 
substrate are exposed to the elevated-temperature condition (it will usually be in a hundreds of degrees C 
elevated-temperature condition when not cooling.) - It is because migration is brought about and 
degradation of an optical property is produced. 

[0032] Like the 4th invention, it is Si02 as an oxide fihn to etch. Not to mention, Si02 If the dopants 
objects for refractive-index control, such as P, Ti, germanium, B, Ta, Zn, Sn, Zr, Er, Pr, Nd, and N, the 
object for coefficient-of-thermal-expansion control, for functional addition, etc. apply to what was added 
at least one sort, this can be etched easily. And since it is a low-temperature process as mentioned above, 
diffusion of a dopant etc. does not arise at all but can prevent degradation of a desired optical property 
beforehand in the process of a process. This is very effective when realizing highly precise waveguide. 
[0033] Moreover, since it is not put to an elevated temperature during etching as mask material which 
etches the above-mentioned oxide film even if it uses tfie metal film (for example, metal membranes, 
such as WSi, W, Ta, Ti, aluminum, nickel, and Cr), the resist film, etc., the above-mentioned metal fihn 
or the resist fihn does not deteriorate, and it can etch into stability. Consequently, what has the very few 
amount of loss of weight of core pattern width of face can be realized, and an optical device with a 
desired optical property can be created as a design. 

[0034] as the gas which etches the above-mentioned oxide film according to the 5th invention ~ CHF3 
although gas is desirable - other than this - alike - C two F6, C three F8, C four F8, and CF4 etc. - 
fluorine system gas or the gas which mixed at least one sort of above-mentioned gas, and the thing 
which added C two H4 etc. further may be used. 

[0035] CHF3 which is a process parameter according to the 6th invention A quantity of gas flow is 
made into 30 or more cc/min, and it is an inert gas flow rate and CHF3, Since RF PAWA which a 60 or 
more cc/min sink is generated for the total amount of a quantity of gas flow, and generates 2.66Pa or 
less and the plasma for a degree of vacuum was specified to the optimal value of -20 degrees C or less 
for the temperature of more than 450W and a substrate, all the etching evaluation criteria can be satisfied 
much more good. 

[0036] According to the 7th invention, since inert gas was made into Ar gas, it can be further satisfied 
with stability of all the etching evaluation criteria, especially, in respect of the amount of loss of weight 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



4/18/2005 



JP,07-228985,A [DETAILED DESCRIPTION] 



Page 5 of 12 



of a core pattern, it explains in full detail in the example - as ~ helium and N2 etc. — since the direction 
which uses Ar gas can enlarge a selection ratio more as compared with inert gas, it is effective in that 
there are few amounts of loss of weight. 

[0037] According to the 8th invention, the gas supply system which the quantity of gas flow of a 
fluorine system is made to superimpose an inert gas flow rate on a reaction chamber more than twice, 
and can supply it to it at it, and the exhaust air system which can carry out evacuation of the interior of a 
room to 2.66Pa or less are given. Moreover, in order to raise an etching rate, RF PAWA beyond 300W 
is made to impress to inter-electrode [ in a reaction chamber ], and it is made to make the substrate in a 
reaction chamber have held at 0 degree C or less. And since a spare room and a reaction chamber are 
connected with an airtight gate valve and between these ** is automatically conveyed while being made 
to perform insertion and drawing through a spare room, etching with which were satisfied of many 
properties of all, such as loss of weight of perpendicularity, the smooth nature of a side face, a 
subtrench, and core width of face and an etching rate, can be performed. 

[0038] since according to the 9th invention an oxide fihn can be etch continuously , and both ** be 
connect through the gate valve and it be necessary to take out a substrate in atmospheric air after etching 
the metal film on the top face of an oxide fihn by making at least one of the reaction chambers 
remaming into the reaction chamber which etch the metal film on the top face of an oxide fihn , the 
defect of the pattern by adhesion of a contaminant , an impurity , etc. can be prevent . Moreover, since it 
does not come out into atmospheric air, OHin atmospheric air- (hydroxyl-group ion) can adhere to an 
oxide fihn, or it is not spread in an oxide fihn and low loss waveguide can be manufactured. 
[0039] Without leaking in a reaction chamber, helium gas can hold a substrate rear face in helium 
ambient atmosphere, and can make a substrate hold at low temperature efficiently like the 10th 
invention, if the hermetic seal of between the rear face of a substrate with an oxide fihn and electrodes is 
carried out and the rear face of a substrate is held in helium gas ambient atmosphere while using a thing 
with the rear face flat as a substrate with an oxide fihn, 

[0040] Like the 1 1th invention, if aperture area of the exhaust air system of a reaction chamber is made 
larger than the area of a substrate with an oxide film, the degree of vacuum of 2.66Pa or less will be 
obtained at high speed and certainly, 
[0041] 

[Example] The 1st example of the low-temperature dry etching system by reactive ion etching of this 
invention is shown in drawing 1 . Here, the waveguide sample 10 (refer to drawing 2 (a)) behind 
explained in full detail as etched material was used. 

[0042] Before conveying this equipment to two reaction chambers 1-1 which perform dry etching, 1-2, 
the exhaust air system 3-1 which carries out evacuation of the inside of each reaction chamber, 
respectively and 3-2, and each reaction chamber, the spare room 2 which makes a vacua is formed. 
Furthermore, it is etching gas CHF3 into the exhaust air system 4 which carries out evacuation of the 
inside of the spare room 2, the cable bulb 11-1 which connects one reaction chamber 1-1 and spare room 
2, the gate valve 1 1-2 which connects the reaction chamber 1-2 and spare room 2 of another side, the gas 
supply system 14 which supplies etching gas (NF3, CF4, etc.) into one reaction chamber 1-1, and the 
reaction chamber 1-2 of another side. CHF3 to supply The gas supply system 7 is established. 
[0043] Moreover, in a reaction chamber 1-2, it is the above-mentioned etching gas CHF3. The Ar gas 
supply system 21 for making twice [ more than ] as many Ar quantity of gas flow as this superimpose on 
a flow rate, and introducing m a reaction chamber 1-2 is established. The perpendicularity of installation 
of this Ar gas is good in an oxide fihn, and it is very effective m reducing reduction (loss of weight) of 
the oxide film (core) pattern width of face after etching while there are few side-face dry areas and they 
suppress generating of a subtrench further, in addition, instead of [ of Ar gas ] - helium and N2 etc. - 
the same effectiveness is expectable even if it uses inert gas. 

[0044] furthermore, to the equipment of drawing 1 Between the up electrode 13-1 installed in one 
reaction chamber 1-1, and the lower electrode 13-2 which carries a sample 10 Between RF generator 6-1 
to impress, the up electrode 5-1 installed in the reaction chamber 1-2 of another side, and the lower 
electrode 5-2 which carries a sample 10 In order to cool RF generator 6-2 to impress, each reaction 
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chamber 1-1, the lower electrode 13-2 in 1-2, and the sample 10 on 5-2 at low temperature, it has the 
refrigerant circulatory system 9 which pours a refrigerant in the direction shown by 9-2 from the arrow 
head 9-1. Each reaction chamber of this example constitutes the parallel plate reactive ion etching 
system so that the example of a graphic display may show. Among these, low-temperature dry etching is 
performed by the reaction chamber 1-1 in which the refrigerant circulatory system 9 was formed, and 1- 
2. 

[0045] Moreover, the hole 13-21 which inserts a sample 10 in the lower electrode 13-1 which carries 
each reaction chamber 1-1 and the sample 10 in 1-2, and the center section of 5-2, and 5-21 are 
prepared, respectively, and it can be made to carry out with the O ring the hermetic seal of between the 
rear face of a sample 10, the lower electrode 13-1, or 5-2. The helium gas supply system 8 which leads 
to this hermetic seal section is formed in the lower electrode 13-1 and 5-2, hehum gas is sprayed on the 
rear face of a sample 10, and low temperature-ization of a sample 10 can be promoted now. 
[0046] Furthermore, a sample 10 is inserted into a spare room 2, and in order to prevent the sample 
insertion / sample drawing system 12 which takes out a sample from a spare room 2, and dew 
condensation, it has the gas supply system 15 for introducing gas (N2, Ar, 02, 0, helium, etc.) into a 
spare room 2, and the migration system which transports a sample 10 for between a spare room 2, two 
reaction chambers 1-1, and 1-2 although not illustrated further. A conveyance means consists of this 
migration system, and above-mentioned above-mentioned sample insertion / sample drawing system 12, 
Next, the approach of carrying out dry etching using this low-temperature dry etching system is checked 
with drawing 2 , and is explained. 

[0047] First, drawing 2 (a) explains the sample inserted from sample insertion / sample drawing system 
12 of a spare room 2. A sample is Si02 with a thickness [ of 1mm ], and a diameter of 3 inches. The 
substrate was used. The rear face of this substrate is processed evenly. Si02 instead of [ of a substrate ] - 
- the glass of semi-conductors, such as Si, InP, and GaAs, a quartz system, and a mxdticomponent 
system, LiNb03, and LiTa03 etc. - a dielectric, the magnetic substance, etc. may be used. A buffer 
layer 20, a core layer 19, and the WSi film 18 are formed in order on the substrate 16, and, as for this 
sample, patterning of the photoresist pattern 17 is carried out on the WSi fihn 18. 
[0048] a buffer layer 20 - Si02 from - becoming - about 10 micrometers in thickness it is . An oxide 
fihn is used for a core layer 19. for example, Si02 Ti02, Ge02, and P2 05 etc, ~ the film which added 
the additive for refractive-index control about ten% of the weight from 0. several % of the weight or 
SiON, and SiOx Ny Hz etc. - it is . At this example, it is Si02. Ti02 The fihn (about 8 micrometers of 
thickness) added 1% of the weight was used. The WSi film 18 is about 1 micrometer in thickness since 
it becomes the mask material for etching a core layer 19. It is formed. The photoresist pattern 17 is the 
mask material for pattemizing the WSi fihn 18 by dry etching, and the thickness is 0.5-1 micrometer 
from the relation of a selection ratio. It is chosen. 

[0049] Now, a dew-point in a spare room 2 from an arrow head after inserting into the spare room 2 
which shows the sample 10 of this drav^ng 2 (a) to drawing 1 - N2 [ 60 degrees C or less ] Gas (or the 
gas of At, helium, 02, etc. may be used.) is carried out by (quantity-of-gas-flow 100 cc/min), evacuation 
of the inside of a spare room 2 is carried out by the exhaust air system 4 with a sink, and it is made to 
dry. [ of a gas supply system 15 ] Evacuation also of two reaction chambers 1-1 in all and 1-2 is carried 
out to this by the exhaust air system 3-1 and 3-2. After keeping the degree of vacuum in a spare room 2 
and a reaction chamber 1-1, and 1-2 at 1 .33x10 - 1 or less Pa, the gate valve 1 1-1 connected with one 
reaction chamber 1-1 is opened, a sample 10 is conveyed from a spare room 2 to a reaction chamber 1-1, 
and it lays on the lower electrode 13-2. And a substrate is cooled at -40 degrees C according to the 
refrigerant circulatory system 9 and the heliimi gas supply system 8. Next, it is an arrow head to 
[ closing and / of a gas supply system 14 ] NF3 about a gate valve 1 1-1. RF generator 6-1 (RF PAWA 
20 W) was impressed for gas between 20 cc/min sink, the up electrode 13-1, and the lower electrode 13- 
2, and the plasma was generated between [ 13-1 ] two electrodes and among 13-2. The degree of 
vacuum in the reaction chamber 1-1 at this time set up the exhaust air system 3-1 so that it might be set 
to 1.33Pa. Consequently, etching of the WSi fihn 18 was ended in about 6 minutes. The sample of this 
condition is shown in drawing 2 (b). The width of face of the etched WSi pattern had only only 1% of 
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width-of-face decrease to photoresist pattern width of face. This is considered because there were almost 
no breakage and etching of a photoresist for low-temperature etching. Moreover, the etched WSi side 
face was also very smooth. 

[0050] Next, it is NF3 about the etching gas supplied from a gas supply system 14. Gas to CF4 It was 
made gas at a switch and this appearance, and etched under the plasma ambient atmosphere, and the fihn 
of a surface photoresist pattern was removed ( drawing 2 (c)). 

[0051] Then, a gas supply system 14 is closed and it is CF4. The stop was opened for supply of gas, 
after off and a gate valve 11-1 were opened for RF generator 6-1, and the sample 10 was returned by the 
migration system in the spare room 2. And it is N2 in a spare room 2 agam. High vacuum exhaust air 
was performed carrying out the 100 cc/min style of the gas. 

[0052] Next, the sink and the lower electrode 5-2 also controlled the circulatory system 9 to the 
refrigerant at low temperature like 9-2 from the arrow head 9-1 in the lower electrode 5-2 in the reaction 
chamber 1-2 of another side (in this example - 40 degrees C). And it had the high-speed turbo molecular 
pump, and the sample 10 was conveyed in the reaction chamber 1-2 where the high vacuum exhaust air 
(1.33x10 - 2 or less Pa) of the aperture area was carried out by the larger exhaust air system 3-2 than the 
area of a substrate. 

[0053] That is, a sample is conveyed for the gate valve 1 1-2 connected with the reaction chamber 1-2 of 
another side from an aperture and a spare room 2 on the lower electrode 5-2 of a reaction chamber 1-2. 
After carrying a sample 10 on the lower electrode 5-2, helium gas was made into 5 cc/min ********** 
from the arrow head, the sample 10 was made into helium ambient atmosphere by helium gas to the rear 
face of a sample 10, and -40-degree C low temperature-ization was promoted. This helium gas has 
clamped the sample 10 on the lower electrode 5-2 so that there may be no leakage appearance in a 
reaction chamber 1-2. That is, it is constituted so that the fixed gas pressure of helium may join the rear 
face of a sample 10. 

[0054] Thus, it is an arrow head to [ of a gas supply system 7 ] CHF3, maintaining and carrying out 
evacuation of the sample 10 to desired low temperature (-40 degrees C). RF generator 6-2 was 
impressed for gas between the sink, the up electrode 5-1, and the lower electrode 5-2, the plasma was 
generated, and low-temperature dry etching of a core layer 19 was performed. This condition is shown 
in drawing 2 (d). 

[0055] The gas supply systems 7 and 21 after etching ending in a reaction chamber 1-2 are closed, and it 
is CHF3. Gas and Ar gas are made as a stop, RF generator 6-2 is made off, a gate valve 1 1-2 is opened, 
and it is N2 about a sample 10. It transported into the spare room 2 by which evacuation is carried out, 
the 100 cc/min style of the gas being carried out. after migration — again ~ the gate valve 11-1 
connected with a reaction chamber 1-1 was laid in the aperture, and while laid the sample 10 from the 
spare room 2 on the lower electrode 1 3-2 of a reaction chamber 1 -1 . And an arrow head to [ of a gas 
supply system 14 ] NF3 The WSi film 18 on the core pattern 19 was removed by dry etching, 
maintaining gas at the degree of vacuum of 1.33Pa impressing RF PAWA (20W) between a sink, the up 
electrode 13-1, and the lower electrode 13-2, and the structure of drawing 2 (e) was acquired. 
[0056] Then, a gas supply system 14 is closed and it is NF3. The stop and RF generator 6-1 were turned 
off for gas, the gate valve 11-1 was opened, and the sample 10 was conveyed into the spare room 2. 
Next, it is N2 for a while. It is the evacuation in the spare room 2 after carrying out evacuation, passing 
gas A stop and N2 Gas is introduced succeedingly and it is the inside of a spare room 2 N2 You made it 
filled with gas, the vacuum in a spare room 2 was canceled, and the sample 10 was taken out into 
atmospheric air. 

[0057] Below, the various examples of an experiment according to the process mentioned above are 
shown. The example of a comparison by the conventional approach was included in this example of an 
experiment besides the example by this invention approach. 

[0058] (Example 1 of a comparison) It is CHF3, keeping a degree of vacuum at 1.33Pa, and using RF 
PAWA (RF PAWA) as 300W. Etching was performed for gas for 90 minutes with 10 cc/min sink. 
Consequently, the perpendicularity of the etched core side face was good as shown in drawing 3 (a). 
Moreover, the side-face dry area was also good like drawing 4 R> 4 (a). However, the etching rate was 
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as low as 400A / min (following, A/min), and as shown in drawing 5 , the resultant 24 adhered to the 
core side face 22, and, thereby, the subtrench 23 generated it. This subtrench 23 degrades a wavelength 
property and a polarization property while increasing the scattering loss by the heterogeneity of the 
structure of waveguide, as mentioned above. Furthermore, the amount of loss of weight of core width of 
face was compared with WSi width of face, it was about 10% of value, and this was also a problem. 
[0059] In addition, the core side face shown in drawings (b) is CHF3. The case where there is less gas 
than 10 cc/min is shown. 

[0060] (Example 2 of a comparison) It is CHF3, keeping a degree of vacuum at 1 .33Pa, and using RF 
PAWA as 300W. Etching was performed for gas for 90 minutes with 40 cc/min sink. Consequently, the 
perpendicularity of the etched core side face became DEPA-like like dravyingS (c). That is, 
perpendicularity deteriorated. Moreover, the dry area was produced as the side face was also shown in 
drawing 4 (b). Conversely, the etching rate increased with 500 A/min, and a subtrench 23 like drawing 5 
of it was also ahnost lost. Furthermore, the amount of loss of weight of core width efface got worse 
than the 1st experiment. 

[0061] (Example 3 of a comparison) The degree of vacuum was kept at 2.66Pa, and the rest etched by 
making it the same conditions as the example 1 of a comparison. Consequently, each dry area of 
perpendicularity and a side face deteriorated, and the subtrench also generated it. Instead, the etching 
rate increased by about 1,2 times. Also in this case, the amount of loss of weight of core width of face 
got worse than the 1st experiment. 

[0062] (Example 4 of a comparison) The temperature of a sample was changed into 0 degree C from -40 
degrees C, and the remaining conditions etched by being the same as the conditions of the example 1 of 
a comparison. Consequently, although each dry area of perpendicularity and a side face deteriorated, the 
subtrench was reduced and the etching rate also increased. Also in this case, the amount of loss of 
weight of core width of face became still larger. 

[0063] As mentioned above, the conditions with which are satisfied of all the precision of 
perpendicularity, the dry area of a side face, a subtrench, an etching rate, and core width of face were not 
able to be acquired. Then, it is Ar gas of this invention CHF3 How to make it superimposmg on gas was 
examined. 

[0064] (Example 5 of a comparison) As a result of carrying out 10 cc/min superposition of the Ar 
quantity of gas flow and carrying out etching of a sink and the core film to the conditions of the example 
1 of a comparison, the core side face was etched into about 90 degrees, and there were few dry areas of 
the side face. However, the subtrench is generated as usual. Furthermore, there was also no 
improvement in an etching rate. Next, although Ar quantity of gas flow was increased and seen to 15 
cc/min, change was seldom seen. However, the amount of loss of weight of core width of face is 
compared with WSi width of face, and it is 3% or less, and checked that the amount of loss of weight of 
core width of face decreased substantially by making Ar gas superimpose. 

[0065] (Example 1) The 125 cc/min superposition of the Ar quantity of gas flow was carried out, and 
etching of a sink and the core fihn was carried out to the conditions of the example 2 of a comparison. 
Consequently, perpendicularity and the smooth nature of a side face are very good, and a subtrench 
hardly generated them, either. The big value also with an etching rate ahnost more equivalent still to the 
example 2 of a comparison could be acquired, the amount of loss of weight of core width of face was 
also able to become the example of comparison 5 average, and the result with which are satisfied of all 
the original targets was able to be obtained. Moreover, as a result of reducing Ar quantity of gas flow 
little by little fix)m this condition and conducting the same experiment, it turned out that Ar quantity of 
gas flow is effective from 80 or more cc/min. 

[0066] (Example 2) It sets on the conditions of an example 1 and is CHF3. The quantity of gas flow was 
changed into 30 cc/min from 40 cc/min, and the degree of vacuum was also changed into l,995Pa from 
1.33Pa, and etching for about 90 minutes was performed. Consequently, both perpendicularity and the 
smooth nature of a side face are good, and a subtrench hardly generated them, either. The amount of loss 
of weight of an etching rate and core width of face hardly changed, either. Moreover, it turned out that, 
as for Ar quantity of gas flow, effective effectiveness shows up from 60 or more cc/min also in this case. 
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[0067] (Example 3) In the conditions of an example 2, as a result of changing high frequency PAWA 
into 45 OW from 300W and performing etching for 90 minutes similarly, the etching rate improved to 
about 1000 A/min. Moreover, the amount of loss of weight of perpendicularity, the smooth nature of a 
side face, a subtrench, and core width of face was all good. 

[0068] These were shown in a table 1 . When the result of a table 1 was arranged collectively, it turned 
out that the relation between a process parameter and evaluation criteria becomes as it is shown in a 
table 2. In addition, the selection ratios (=(etching rate of oxide fibn)/(etching rate of WSi)) of WSi and 
an oxide fibn were 15 or more values, and were sufficient values to etch the core fihn for waveguides. 
[0069] 
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[0070] 
[A table 2] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_eije 



4/18/2005 



JP,07-228985,A [DETAILED DESCBOPTION] 



Page 10 of 12 







Ar/CHFj ^ 




R F if 9 










:K 






is 








at 


S ifi 


X 


o 


o 


X 


o 


X 






X 


0 


m m (o M ti 


X 


o 


o 


X 


0 


X 






X 


o 




O 


X 


o 


X 


o 


X 










1 1 f y ^ \/- [ 


O 


X 


o 


X 






O 


X 


O 


X 




X 


O 


o 


X 


o 


X 






X 


O 




















X 


O 


18 -ft 1? fli 


ec/ni n 


6 0(e/fflii>) 


^2. 66Pa 


:^ 

^4 5 OW 


a 


sox: 



[0071] Namely, CHF3 Since the result which conflicts between perpendicularity, the smooth nature of a 
side face, and a subtrench and an etching rate arises, a quantity of gas flow takes the middle value, and 
considers as >=30 cc/min, and only the part is Ar quantity of gas flow CHF3 By passing 60 or more 
cc/min, a total amount suppresses degradation of perpendicularity and the smooth nature of a side face 
more than by twice. 

[0072] Since the high vacuum was desirable as much as possible, the degree of vacuum was set to 
<=2.66Pa. In order that high frequency PAWA might not influence directly perpendicularity, the dry 
area of a side face, and a subtrench but might contribute to an etching rate, since the higher possible one 
was desirable, it was set to >=450W. Also in order to make small loss of weight of the core pattern 
width of face which improved perpendicularity and smooth nature of a side face and was etched in order 
not to give a damage to the light corpuscle child or electronic-circuitry component which are formed 
into a waveguide on the street or, low temperature (<=-20 degree C) of temperature is as much as 
possible desirable. In addition, it sets to drawing 2 and is SiH4. It is N2 as N2 O. SiOx Ny Hz formed by 
the plasma-CVD method as a core layer 19 using gas Although the film was etched similarly, the 
property ahnost equivalent to the above-mentioned result was able to be acquired. 
[0073] In addition, in order to superimpose Ar quantity of gas flow on fluorine system gas more than 
twice and to carry out the high-speed exhaust air of a sink and the reaction chamber like this invention at 
2.66Pa or less, in the exhaust air system 3-2, the exhaust speed exhausted using the turbo molecular 
pump or rotary pump of 500 or more 1/sec. Moreover, the diameter exhaust pipe of macrostomia whose 
diameter is 6 inches was used for the exhaust pipe of the exhaust air system 3-2. That is, it becomes an 
indispensable condition to exhaust using the exhaust pipe which has the aperture of a large area rather 
than the area (the diameter of 2 inches - diameter of 5 inches) of the substrate to etch. This is also one of 
the descriptions of the low-temperature dry etching system of this example. 
[0074] Next, the prototype result of the optical multiplexer/demultiplexer of the waveguide 
configuration made as an experiment using the above-mentioned low-temperature dry etching system is 
explained. 

[0075] Drawing 6 (a) and (b) are what showed the schematic diagram of a waveguide mold optical 
multiplexer/demultiplexer, (a) shows a whole top view and (b) shows the a-a' sectional view of (a), 
respectively. Wavelength lambda 1 which carried out incidence to the input edge of an optical 
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multiplexer/demultiplexer like the arrow head 26 as first shown in (a) And lambda 2 A lightwave signal 
spreads the inside of a core 25-1. It reaches in the joint field 29, and it spreads, interfering in between a 
core 25-1 and a core 25-2, and is wavelength lambda 1 like an arrow head 27-1 and 27-2 firom the 
outgoing end of an optical multiplexer/demultiplexer. And lambda 2 It is separated spectrally, 
respectively and a lightwave signal is outputted. 

[0076] In this configuration, in order to separate spectrally by low loss and to improve wavelength 
degree of separation, as mentioned above, the perpendicularity of each core 25-1 and the side face of 25- 
2 is good, the dry area of a side face is small, and a subtrench is also small, and each core 25-1 and 
width-of-face decrease of 25-2 must be suppressed small, a core 25-1, the width of face of 25-2, and 
thickness W - 8 micrometers the spacing S of a core 25-1 and 25-2 - 5.5 micrometers ** - it carried 
out and the spectral separation property of the optical multiplexer/demultiplexer which made the relative 
index difference of a core 25-1 (25-2) and a clad 28 as an experiment as 0.25% was evaluated. The 
continuous line (optical multiplexer/demultiplexer created by the approach of this example) and dotted 
line (optical multiplexer/demultiplexer created by the approach of the example of a comparison) of 
drawing 7 show the resuh. However, at a design value, it is lambdal =1.3micrometer. Iambda2 
=1.55micrometer It carried out. 

[0077] The gap (about 0.12 micrometers) of remarkable main wavelength produced the thing of the 
approach of the example of a comparison to the thing of the approach of this example abnost not having 
a gap of each main wavelength which should be separated spectrally. Moreover, the thing of the 
propagation loss of the approach of this example was small. This is also dependent on sharp reduction of 
the dry area of a side face, and a subtrench. Furthermore, wavelength lambda 1 lambda 2 It turned out to 
the thing of the approach of this example having about twentydB or more also of isolations of a between 
that, as for the thing of the approach of the example of a comparison, only an about 20dB isolation is 
obtained with a grinding sound. As mentioned above, it turned out that a result with the approach of this 
example good also to the optical property of waveguide is obtained. 

[0078] Drawmg8 shows the 2nd example which shnplified the low-temperature dry etching system of 
this invention. In the equipment of drawing 1 , this omits a reaction chamber 1-1, is the low-temperature 
dry etching system of a configuration of having connected only one possible reaction chamber of low- 
temperature dry etching with the spare room 2, and performs the low-temperature dry etching process of 

drawing 2 R> 2 (d). 

[0079] In addition, this invention is not limited to the above-mentioned example. First, three rooms and 
four more rooms or more are sufficient as a reaction chamber. That is, the fihn which should etch a 
reaction chamber one piece or by preparing two or more pieces can be used as the bipolar membrane of 
one layer membrane, the two-layer fihn, the metal that consists of a multilayer further, an oxide, or a 
metal and an oxide etc. 3 layer membrane. These reaction chambers are constituted so that each may be 
connected through a common spare room. 

[0080] Moreover, although the case where Ar gas was made to superimpose was described in the above- 
mentioned examples 1-3 It replaces with Ar gas and is helium or N2. Perpendicularity of the core at the 
time of using gas. The smooth nature of a side face, the subtrench, and the etching rate are ahnost 
equivalent to the case where Ar gas is used. Moreover, hehum or N2 The selection ratio at the time of 
using gas compares the amount of loss of weight of 10 or more and core width of face with WSi width 
of face, and is 5% or less, and it is checking that the object of this invention can fiiUy be attained. 
[0081] Furthermore, a dry etching system may not be limited to a parallel plate mold reactive ion 
etching system, and may be other dry etching systems. Moreover, although while etches the WSi film 
etc. and it was made to perform low-temperature dry etching in the above-mentioned example even in 
the reaction chamber 1-1, cooling by the refiigerant circulatory system 9 and the helium gas supply 
system 8 in the lower electrode 13-2 in a reaction chamber 1-1 is omitted, and it may be made to 
perform the usual dry etching. Moreover, a sample is not limited to the above-mentioned example, 
either, but the etched material for semiconductor ICs etc. can be used. 
[0082] 

[Effect of the Invention] 
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(1) According to invention according to claim 1, the perpendicularity of the side face of the etched 
etched material front face is kept at about 90 degrees, and most of the dry area and subtrench of the side 
face is not produced, and an etching rate can also be further etched in the condition large enough. 
Moreover, it is CHF3 to superimpose and pass inert gas. Since the operation which fully dilutes harmful 
gas like gas works, the harm to the body can be reduced. Moreover, it is effective in reducing 
substantially adhesion of the resultant to the inside of a reaction chamber or an exhaust air system, and 
the repeatability of low-temperature dry etching can be raised, and degradation of an equipment life can 
also be prevented. Furthermore, the amount of width-of-face decreases of the etched oxide film can be 
small stopped by having made inert gas superimpose. 

[0083] (2) When the light corpuscle child and the electronic-circuitry component are formed [ according 
to invention according to claim 2 ] on the substrate to etch or into the substrate in addition to the 
effectiveness of claim 1, it can etch, without also giving these a damage. This becomes possible 
[ realizing easily desired optical properties (a loss property, a wavelength property, polarization 
property, etc.) ], when forming a pattern like waveguide by etching. 

[0084] (3) According to invention according to claim 3, since the resuhant to a front face stops being 
able to adhere easily, generating of a subtrench can be oppressed. 

[0085] (4) According to invention accordmg to claim 4, without producing diffusion of a dopant etc., it 
can etch easily and degradation of an optical property can be prevented beforehand. 
(5) Since the gas for etching suitable for an oxide film was used according to invention according to 
claim 5, it can etch good. 

[0086] (6) According to invention according to claim 6, since each process parameter for etching was 
specified to the optimal value, many etching properties of all can be satisfied much more good. 
[0087] (7) According to invention according to claim 7, since inert gas was made into Ar gas, it can etch 
into stability more, in addition, the point of the amount reduction of width-of-face decreases of the 
etched oxide fibn - helium and N2 etc. ~ the outstanding effectiveness is done so as compared with the 
case where inert gas is used. 

[0088] (8) Since according to invention accordmg to claim 8 equipment was constituted so that each 
good process parameter might be obtained, etching which many etching properties satisfied altogether 
can be performed. 

[0089] (9) According to invention according to claim 9, after etching of the metal fihn, since an oxide 

can be etched continuously, working efficiency is good and, moreover, can prevent adhesion or 
mixing of a contaminant, an unnecessary impiuity, etc. effectively. 

[0090] (10) According to invention according to claim 10, a substrate can be efiRciently held at low 
temperature, without leaking heUum gas in a reaction chamber. 

[0091] (1 1) According to invention according to claim 11, whenever [ desired high vacuum ] is obtained 
at high speed and certainly. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The outline block diagram of the equipment for explaining the 1st example of the low- 
temperature dry etching system of this invention. 

[Drawing 2] Production process drawing of the waveguide for explainmg the example of the low- 
temperature dry etching approach of this invention. 

Prawing 3] The explanatory view showing the perpendicularity of the etching oxide fihn by the 
difference among low-temperature dry etching conditions. 

Prawing 4] The explanatory view showing the side-face dry area of the etching oxide film by the 
difference among low-temperature dry etching conditions. 

[Drawing 5] The explanatory view showing the generating situation of the subtrench of the etching 
oxide film by low-temperature dry etching. 

[Drawing 6] The schematic diagram of the optical multiplexer/demultiplexer of the waveguide 
configuration made as an experiment using the low-temperature dry etching system of this example. 
Prawing 7] Comparison property drawing of the example of a waveguide mold optical 
multiplexer/demultiplexer and the conventional example which are shown in drawing 6 . 
[Drawing 8] The outlme block diagram of the equipment for explaining the 2nd example of the low- 
temperature dry etching system of this invention. 

[Drawing 9] The outUne block diagram of the low-temperature dry etching system used for examination 
of this invention. 
[Description of Notations] 
1-1 Reaction Chamber 

I- 2 Reaction Chamber 
2 Spare Room 

3-1 Exhaust Air System 
3-2 Exhaust Air System 
4 Exhaust Air System 
5-21 Hole 

7 CHF3 Gas Supply System 

8 Helium Gas Supply System 

9 Refrigerant Circulatory System 

10 Sample 

II- 1 Gate Valve 
11-2 Gate Valve 

12 Sample Insertion / Sample Drawing System 
13-21 Hole 

14 Gas Supply System 

15 Gas Supply System 

21 Ar Gas Supply System 
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DRAWINGS 



[Drawing 1] 



HSJ5S . . ,14 I,.^15lxRJfrJ; ( . 




He 

9-1 8 9-2 

9«mfli;R 



[Drawing 2] 
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[Drawing 4] 
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(a) (b) (c) 

[Drawing 5] 
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[Drawing 6] 
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[Drawing 8] 
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[Drawing 9] 
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